
Accelera tor  Div i si on 
Al t e rna t ing  Gradient Synchrotron Department 

BROOKHAVEN NATIONAL LABORATORY 
Associated U n i v e r s i t i e s ,  Inc.  

Upton, New York 11973 

Accelera tor  D i v i  si on 
Technical  Note 

No. 248 

RFQ AMPLITUDE FEEDBACK LOOP CONTROL 

S. Y. ZHANG and A. J. McNERNEY 

APRIL 9 ,  1986 

I. I N T R O D U C T I O N  

The e x i s t i n g  Radio  Frequency Quadrupole (RFQ) a t  L I N A C  is dr iven  by an RCA 

4616 t e t r o d e .  The ope ra t ing  frequency is  201.25 MHz and t h e  peak o u t p u t  power 

i s  a p p r o x i m a t e l y  100KW. The sc reen  vo l t age  of the  4616 is used t o  c o n t r o l  i ts 

ou tpu t  RF power. The sc reen  vo l t age  i s  a Ims-wide p u l s e  w i t h  a n  a m p l i t u d e  of 

1,700V. The p u l s e  r a t e  i s  one  p u l s e  p e r  2.2 see. The 4616 sc reen  vo l t age  i s  

provided by a cathode f o l l o w e r  t y p e  m o d u l a t o r  whose o u t p u t  s t a g e  is a n  Eimac 

4cxl OOOA t e t r o d e .  

C i r c u i t r y  has been  d e v e l o p e d  t o  p r o v i d e  c l o s e d  l o o p  c o n t r o l  of t h e  RFQ 

magnetic f i e l d  amplitude us ing  a modi f ied  v e r s i o n  of t h e  e x i s t i n g  4616 s c r e e n  

m o d u l a t o r .  The r e d e s i g n  was undertaken t o  reduce pu l se  t o  p u l s e  v a r i a t i o n s  and 

p u l s e  drop i n  the RFQ a c c e l e r a t i n g  f i e l d  t o  less than 0.1%. 
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11, SOME C O N S I D E R A T I O N S  

The c o n f i g u r a t i o n  o f  t h e  RF a m p l i t u d e  f e e d b a c k  l o o p  s y s t e m  is  shown i n  

Fig. 1 .  

Preamp. 

D e t e c t o r  

Fig.1 
- - - - _ _  - ~ -.. - ~- 

A few system cons ide ra t ions  are as fo l lows:  

i ,  S i n c e  t h e  RF a m p l i t u d e  i n  t h e  c a v i t y  i s  c o n t r o l l e d  b y  a 

f e e d b a c k  s e r v o - s y s t e m ,  some o v e r s h o o t  i s  u n a v o i d a b l e .  Too much 

power w i l l  cause the  c a v i t y  t o  b r e a k  down. The maximum breakdown 

power l i m i t  is approximately 1 4 O K W  and the overshoot  must be l i m i t e d  

accordingly.  The 4cxlOOOA anode v o l t a g e  i s  2 K V ,  which is  c l o s e  t o  

t h e  maximum t u b e  r a t i n g .  However, i n  o r d e r  t o  d r i v e  t h e  4616 

sc reen ,  the cathode vo l t age  of the 4cxlOOOA shou ld  be a b o u t  1,7'00V, 

which means t he  t u b e  is working near  s a t u r a t i o n .  Hence, the system 

i s  n o t  a sma l l  s i g n a l  s y s t e m ,  a n d  t h e r e  i s  a c o n s i d e r a b l e  

nonl i nea r  i t y  . 
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i i ,  The s p e c i f i c  s t r u c t u r e  o f  4616 shows that  there is an 18,000 pF RF 

by-pass capac i tance  between the  sc reen  and the c a t h o d e .  T h e r e f o r e ,  

we used  a cathode-follower t y p e  c i r c u i t  as the sc reen  d r i v e r  f o r  the 

4616 because of  low output  impedance r e q u i r e d .  The a m p l i f i e r  t h a t  

d r i v e s  t h e  4cxlOOOA g r i d  t h e n  mus t  f l o a t  a t  2 K V ,  t he  maximum 

4cxlOOOA cathode vol tage .  The inpu t  t o  t h i s  f l o a t i n g  a m p l i f i e r  must 

c r o s s  a 2 K V  i n t e r f a c e  and t h e  s o l u t i o n  chosen was a f iber  o p t i c  l i n k  

u s i n g  V/F c o n v e r t e r .  The r a t e  of r i s e  o f  t h e  4cx1000A c a t h o d e  

v o l t a g e  i s  greater than  1KV/u second. Th i s  cond i t ion  precluded the 

use  of s tandard  op to  i s o l a t o r s .  

iii, Some RF leakage is p resen t  a t  the  4616 g r i d .  Th i s  201.25 MH, s i g n a l  

must be f i l t e r e d  so  t h a t  i t  d o e s  n o t  i n t e r f e r e  w i t h  p r o p e r  c l o s e d  

loop c o n t r o l .  

The ne twork  connected between the cathode of  4cxlOOOA and the sc reen  0 
of 4616 is as fo l lows:  

where R1 = 350f2, R2 = 250R, and C1 = 6,000pf .  

C2 is the 4616 sc reen  capac i tance  (18,000 pF) .  
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R 3  i s  t h e  dynamic r e s i s t a n c e  be tween s c r e e n  and cathode of 4616, 

which is i n  the range of 5 K  - 15K and can  be n e g l e c t e d .  Thus,  t h e  

t r a n s f e r  func t ion  of t h i s  network is 

Computation shows that  the major time cons tan t  is 

T = 1 2  usee. 

i v ,  A FET (MTM2N90) was chosen  as  the  d r i v e r  f o r  t h e  4cx1000A. The 

maximum power d i s s i p a t i o n  i s  75W, arid V D G  max i s  9OOV. The f150V 

power s u p p l i e s  a r e  r e f e r e n c e d  t o  t h e  c a t h o d e  of 4cx1000A. Local 

source c u r r e n t  feedback is provided by a 100 52 r e s i s t o r .  Dur ing  t h e  

p u l s e  p e r i o d ,  t h e  Drain p o t e n t i a l  approaches 1,900V and the leakage 

capac i tance  between the  primary and secondary wind ings  of  t h e  power 

t r a n s f o r m e r  which p r o v i d e s  f 15V f o r  t h e  F/V conve r t e r ,  induces a 

high vol tage  t r a n s i e n t  a c r o s s  the Dra in  and Gate o f  MTM2N90, which 

c a n  c a u s e  FET f a i l u r e .  T h i s  p rob lem has been  s o l v e d  by a d d i n g  

another  1 : 1 i s o l a t i n g  power t ransformer between these t r a n s f o r m e r s  

and the pow& supply network. 
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v:, The RF c a v i t y  can be modeled as a p a r a l l e l  RLC network wi th  resonant  

frequency a t  201.25MHz and Q va lue  of  approximate ly  5 ,000  , and i t ' s  

second order  t r a n s f e r  func t ion  is: 

1 
C - s  

From 

1 s + -  LC 
1 s2 + - 
RC 

25w = RC 1 
= Q w 

We have 

10-4 < I 5 =- = 
The envelope time constanZQis 

w)- l  = (10'4 x 2~ x 2 x 108)'l = 7.96 psec. ( c  

v i ,  A H e w l e t t  Packa rd  f i b e r  o p t i c  s y s t e m  i s  u s e d  w i t h  a Bur r  Brown 

VFC62CG c o n v e r t e r  w i t h  a r a n g e  from 0 - 2MHz. P r o b a b l y  t h e  most 

i m p o r t a n t  p a r t  i s  the  F/V c o n v e r t e r ,  which is, i n  p r i n c i p l e ,  a low 

pass  f i l t e r  cons t ruc ted  as fo l lows:  

Fig.  3 
. . . . - - - .. _. . - . .. . . 
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I n  t h e  f u l l  s ca l e  i n p u t  case ,  the duty r a t i o  is about 0.5. The RC 

~. -. . . . . .. . 

cons tan t  is 3 x see. Thus, t h e  f o l l o w i n g  model ( d i s r e g a r d i n g  

the ga in )  is used t o  s imula te  the conver te r  

1 

1 f 6 x 10'5s 

i .e . ,  there is  a 60 p e e .  time cons tan t .  

I n  o rde r  t o  f u r t h e r  reduce the  F/V r i p p l e  c o n t e n t  we added  a n o t h e r  

low pass f i l t e r  fol lowing t h e  F/V conver te r ,  a s  fo l lows:  

The t r a n s f e r  func t ion  is: 

-6 
3x - r  

1 + 7 x 1 0  s 

1 f 2 x 10- 3 s  

v i i ,  I n  Comparison wi th  the f i l t e r  fol lowing the 4cxlOOOA cathode and the  

RF c a v i t y ,  the F/V c o n v e r t e r  and i t s  a s s o c i a t e d  f i l t e r  domina te .  

Loca l  f eedback  from t h e  c a t h o d e  o f  t h e  4cx1000A was d e s i g n e d  t o  

s t a b i l i z e  the whole system. It is as fo l lows:  

1 + 4.25 10% 
X 

1 - 
101 1 f 4.25 x 
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v i i i ,  We c h o o s e  u n i t y  feedback t o  c l o s e  t he  loop. The feedback s i g n a l  is 

p icked  up from a d e t e c t o r  f o l l o w i n g  a s p l i t t e r ,  which  is d r i v e n  

f rom a n  H f i e l d  p r o b e  i n  t h e  c a v i t y  wal l .  A f o l l o w e r  is used t o  

t r ansmi t  t h e  s i g n a l  from the  d e t e c t o r  t o  the preamplifier. We found  

‘that a f o l l o w e r  b u i l t  w i t h  pA741 , w i t h  a 2 MH, bandwidth lead t o  

i n s t a b i l i t y .  AI-I LF356,  w i t h  a 5 M H ,  b a n d w i d t h  e l i m i n a t e d  t h e  

d i f f i c u l t y .  

111. SIMULATION 

The fo l lowing  diagram is the s i m p l i f i e d  system model, 

4 101 ’ 1 + 4 . 2 5 ~ 1 0 - ~ 2  1+4-35x10-4. j_ 
Figure 5 

The c o n v e r t e r ,  i t s  f i l t e r ,  and the l o c a l  compensation models are taken d i r e c t l y  

from ( v i )  and ( v i i )  o f  l a s t  s e c t i o n .  The R. F. f i l t e r  d i s c u s s e d  i n  ( i i i )  i s  

r e d u c e d  t o  a one -o rde r  d e l a y  s y s t e m  w i t h  12ps time c o n s t a n t ,  whi le  t h e  RFQ 

c a v i t y  is. modeled by an 8 ~s time cons tan t  de lay  system. The g a i n  from i n p u t  t o  
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t h e  o u t p u t  of the  s c r e e n  modu la to r  i s  roughly  60,000. The open-loop t r a n s f e r  

func t ion  (of %he whole system is  

1785s2+6.75x108s+6x1013 
G 0 ( s )  = - 

4.896~10~~6~~+1 .71 6x10-~s4+6.063x10-2s~+7030s2+2.71 3x1O8s+6.O1 xlO1 

The Bode p l o t  of G o ( s )  is  shown i n  F i g .  6, where i t  i s  shown t h a t  t h e  ga in  

margin and phase margin of t he  system are 15 db and 20°, r e spec t ive ly .  The g a i n  

The closed-loop t r a n s f e r  func t ion  i s  computed as 

_ _ ~  .. - - -  . 

1785 s2+6. 75x1 08s+6x1 O1 3 
G f ( s )  = 

4.896~10-1~~5+1 .716xI O-~s~+0.0606s~+8815s2+9.463x108s+6.06x1013 
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The time r e s p o n s e  f o r  a s t e p  i n p u t  is shown i n  Fig. 7. A s  expla ined  i n  ( i )  o f  

s e c t i o n  11, t h e  o v e r s h o o t  o f  50% i n  F ig .  7 i s  e x c e s s i v e .  To a v o i d  c a v i t y  

b r e a k d o w n  we u s e d  a rounded  f r o n t - e d g e  s t e p  r e f e r e n c e  s i g n a l .  t o  l ower  t he  

c h a n g e s  from 12KV t o  16KV, the  RF power i n .  the RFQ changes less than 0.1 %. Note 

tha t  the performance shown i n  Fig. 8 is q u i t e  similar t o  t h e  s i m u l a t i o n  r e s u l t  

of Fig.  '7. 
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